Both the angiotensinogen M235T and the a-adducin G460W polymorphisms have been reported to be linked to sodium retention. We studied the association between these polymorphisms and hypertension on a large-scale community-based population in Japan, and found that the two polymorphisms were associated with hypertension, independent of classical hypertension risk factors in the Japanese.
The angiotensinogen M235T located at 1q42-q43 and the a-adducin G460W at 4p16.3 polymorphisms were reported to be associated with hypertension and to be linked to sodium retention. 1, 2 Despite the several earlier reports, later studies on the association between these polymorphisms and hypertension reported conflicting results. [3] [4] [5] [6] [7] [8] Studies in the Japanese population on the association between these salt-sensitivity related gene polymorphisms and hypertension may warrant special attention. Salt consumption by the Japanese is relatively high compared to other populations 9 and also they have a higher 235T allele frequency than M of the angiotensinogen M235T polymorphism, the former has been related to hypertension. However, studies in the Japanese are inconclusive, probably due to the relatively small number of subjects, up to about 1200, per study, and the ignoring of confounding factors, such as body mass index (BMI). [4] [5] [6] [7] Thus, we studied the association between these polymorphisms and hypertension on a large-scale general population in Japan.
To increase the number of subjects, we recruited men and women aged 35 years or older, from two parts in Japan, one from the Shigaraki Town in Shiga prefecture and the other from Nomura Town in Ehime prefecture, both farming communities. We had a total of 4902 subjects.
The mean of two blood pressures measured on the right arm after at least 5 min rest, using a standard sphygmomanometer was used for data analysis. A systolic pressure X140 mm Hg, or a diastolic pressure X90 mm Hg, or on an antihypertensivedrug was defined as being hypertensive. BMI was calculated as the weight (kg) divided by the square of the height (m 2 ). We obtained information on the alcohol intake and smoking habits of the subjects. Alcohol drinkers were defined as those who had habit of drinking alcohol on more than 3 days per week, and smokers as self-reported current smokers.
The TaqMan chemical method was used to detect the two polymorphisms. The gene typing was performed blindly by the researchers without knowing the demographic or blood pressure data. A detailed description of the TaqMan method has been described elsewhere. 4 Both genotypes were verified with a PCR direct sequence method using the random-selected 48 samples. 10 Of the total of 4902 subjects, the angiotensinogen M235T genotype cannot be determined in 305 subjects, and the a-adducin G460W genotype cannot be determined in the 262 subjects. Therefore, there were 4597 subjects with the angiotensinogen M235T, and 4640 subjects with the a-adducin G460W genotypes.
As there were no interactions on the effect of hypertension between the genotypes and sex, men and women were analyzed together. The w 2 test was used to compare dichotomous variables, and oneway analysis of variance to compare the means between the three groups.
The odds ratios of hypertension was examined by logistic regression analysis, including age, sex, BMI, current smoking and drinking status, and the cohort effect as covariates, taking the angiotensinogen M235M and the a-adducin G460G genotypes as the references.
The characteristics according to the two genotypes are shown in Table 1 . The M allele frequency of the angiotensinogen was 19.7%, and that of the G allele of the a-adducin was 42.6%. These were within the range of those reported for the Japanese population. [5] [6] [7] The observed genotype frequencies of the angiotensinogen M235T and the a-adducin G460W polymorphisms were not in agreement with those predicted by the Hardy-Weinberg equilibrium (Po0.0001 and 0.003). The results of direct sequencing analysis of the two genotypes of the 48 random samples were in complete agreement with those by the TaqMan chemical method.
The age and percentage of smokers did not differ among the two genotype groups. BMI in the a-adducin genotypes and the percentage of drinkers in the angiotensinogen genotypes showed slight but significant differences among the groups. The men in the angiotensinogen MM genotype were fewer than the other groups. The unadjusted prevalence of hypertension was different among the angiotensinogen genotypes, but not among the a-adducin genotypes.
The odds ratios of hypertension and P-values of the other covariates included in the model by the multivariate logistic analyses are shown in Table 1 . Both polymorphisms were significantly associated with hypertension. Age, sex and BMI were associated strongly with hypertension; however, alcohol intake, smoking and the cohort effect were not.
We found the association between hypertension and the both polymorphisms in the communitybased Japanese population. Previous studies have reported conflicting results, partly due to the relatively small number of subjects included in the studies.
3-7 Although we found combination of angiotensinogen TT and a-adducin WW genotype was associated with hypertension, each genotype was not associated with hypertension in 2902 subjects in Shigaraki town alone. 7 A meta-analysis conducted by Staessen et al. 11 with an overall sample size of 27 906 showed that the angiotensinogen M235M genotype is protective against hypertension. However, their sensitivity analysis showed that this association was present only in whites with a higher M allelic frequency, but not in blacks or Asians who had a lower M allelic frequency.
As seen in the present study, age and BMI were associated strongly with hypertension. Most of the previous studies ignored these confounding factors, and that might have resulted in inconclusive findings. Furthermore, subjects who were taking antihypertensive medications were often excluded from the analyses, which might have biased the results.
The reason we found a distinct association between the angiotensinogen polymorphism and hypertension, with fewer subjects compared with those of Sethi et al. 8 may be related to the fact that the salt intake in the Japanese population is much higher than that in the Western population, and the T allele frequency is also higher in the Japanese than that in the Western population. A report from the INTERMAP Study showed that the 24 h urinary sodium excretion was 211757 mmol/day for Japanese men, 186753 mmol/day for Japanese women, 183762 mmol/day for men in the US and 142748 mmol/day for women in the US. 9 There have not been any studies including a sufficient number of subjects regarding the association between the a-adducin polymorphism and hypertension previously. Sugimoto et al. 5 reported its association only in subjects with low renin hypertension. Their lack of generalizable findings may simply be related to the relatively few number of subjects studied.
The fact that the frequencies of the genotypes were not in Hardy-Weinberg equilibrium was a limitation to the study. However, it is unlikely that a systematic measurement error could be responsible for all these concordant findings because the results of direct sequencing analysis of the two genotypes of the 48 random samples were in complete agreement with those using the TaqMan chemical method. We are unable to rule out the possibility of population substructure that can lead to a spurious association as well as the concealment of the real association. 12 The lack of salt urinary excretion data was another limitation to the study.
In conclusion, both the angiotensinogen M235T and the a-adducin G460W polymorphisms were associated with hypertension; independent of the classical hypertension risk factors in the Japanese. 
